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Start Date: June 2022
Duration: 42 months
Partners: Coordinated by
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About
BEEYONDERS

A unique opportunity to increase the
competitiveness of European
companies in the construction sector
by producing, commercializing and (2L N
integrating beyond the state-of-the Gacciona — i N b S
art solutions into real construction "
scenarios.
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BEEYONDERS objectives

To improve or increase

Safety for
workers,
considering
their gender
and age

Workforce

Efficiency in
wellbeing

processes

...in the construction sector
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BEEYONDERS impact

Improvement
of efficiency
in resources

Reduction of
waste and
embodied

CcO2
emissions

(A
materials,
water...)
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Expected Impacts

° BEEYONDERS

Less CO2 emissions by
the construction sector

Increase in workers’
endurance

Funded by The European Union

Improvement of
efficiency in production

Reduction in sick leave
due to lower back
injuries



Case studies

BEEYONDERS technologies will be
demonstrated into 6 construction pilot

scenarios in multiple infrastructure
typologies
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Tunnel

construction

LOCATION
Santa Barbara Foundation Test
Tunnel, Ledn (Spain)

TECHNOLOGIES IMPLEMENTED
Autonomous and teleoperated ground/air
robotic solutions applied to construction
machinery
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construction

LOCATION
24 highway, Firenze (Italy)

TECHNOLOGIES IMPLEMENTED
Ground/air autonomous navigation of
vehicles and use of Digital Twin and
Al functionalities

Funded by The European Union
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Maritime
construction

LOCATION
Port of Gijon (Spain)

TECHNOLOGIES IMPLEMENTED
Structural design
and optimization of caisson and reefs

Funded by The European Union
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Maritime
construction -
EU-Japan

collaboration

LOCATION
Port of Rotterdam, Dutch National

test site (The Netherlands)

TECHNOLOGIES IMPLEMENTED

Use of data to provide insights and real-
time designs and feedback in push-in
pile machinery process

Funded by The European Union
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Road
maintenance

LOCATION
A24 highway, Rome (ltaly)

TECHNOLOGIES IMPLEMENTED
Autonomous Robotics

Funded by The European Union
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Building
construction

LOCATION
Helsinki Metropolitan Area,
Southern Finland (Finland)

TECHNOLOGIES IMPLEMENTED
Wearables, drones & exoskeleton

Funded by The European Union
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BEEYONDERS exploitation strategy
beyond the EU project

Solid
exploitation

Iin-depth
market

outlook strategy for

all results
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Envisioning a Single Entry Point for
Digital Construction

Mission
To become the legitimate hub for To transform EU construction sector
digital and sustainable construction in their twin (digital and sustainable)
sector and showcasing and promoting  transition by facilitating the links
all major EU and national initiatives, between all actors and assets that are
structures and digital ecosystems. required for such transition.

Funded by The European Union
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Envisioning a Single Entry Point for
Digital Construction

Public interest methodologies and success stories (from and beyond
BEEYONDERS). Catalogue of products and solutions either to find investors to
be matured and reach the market or as already commercial products.

Wl Funded by The European Union 17
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Envisioning a Single Entry Point for
Digital Construction

Value proposition

One-stop-shop for the twin transition of construction industry.

High quality and accessible repository of methodologies and success cases.
High quality and accessible catalogue of validated commercial or close to
market first of a kind solutions for the twin transition of the construction
industry.

Unequal spotlight for experiences in the twin transition of construction
industry, with particular attention to success cases that can inspire other
target groups on their own pathway.

Funded by The European Union 18
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Envisioning a Single Entry Point for
Digital Construction

Create alliances to refine proposed approach.
Define strategies to launch the SEPD.
Explore sustainability models.
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Edgar Valverde Estrella
Senior Innovation Consultant PNO Innovation
BEEYONDERS Exploitation manager
edgar.valverde@pnoconsultants.com
(+34) 667 014 134
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https://beeyonders.eu/
https://twitter.com/Theresiatwitt
https://twitter.com/beeyondersEU
https://www.linkedin.com/company/beeyonders/
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Project coordinator

German Research Center for Artificial
Intelligence, DEKI
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Why HumanTech?

Our mission

The European construction sector faces 3 major challenges:
1. increase the safety and well-being of its workforce,

2. improve its productivity,

3. become greener, making efficient use of resources.
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HumanTech Technologies
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Semantic Digital Twin:
Scan-to-BIM pipeline
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Semantic Segmentation
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Clustering & Primitive
Fitting
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Wall closing - Merging
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Scan-to-BIM Pipeline
Today

o Awards: 2x3rd place at CV4AEC Scan-to-BIM challenge @CVPR 2023 and CVPR 2024
o Improving Al Segmentation Model — Data!
o Extend to support more object classes

o Exploring further Scan-to-BIM Use-cases

Technische Universit&t

P Kaiserslautern
Landau
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HumanTech: The Team

22 organisations, 10 countries

7 research institutes
9 Innovative SMEs and large enterprises
5 construction groups and a construction
SME representative
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This project has received funding from the European Union's Horizon Europe
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research and innovation programme under grant agreement N° 101058236.
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VAN WIJNEN

* Dutch construction company established in 1907

* Project development, residential construction,
renovation, transformation, and property management

« 27 locations across the Netherlands

) 3
Douwe Feitsma

« Employs over 2,300 people

Project coordinator
InCUBE

* Improving quality of life for residents and communities

collaboration, quaity and safety T2 = VAN WIJNEN

and the European Commission is not responsible for any use that may be made of the information it contains.

This project is funded by the European Union’s 'Horizon Europe Research & Innovation programme' under grant agreement no. 101069610. This publication reflects the authors’ view only .
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UNLOCKING THE EU RENOVATION WAVE

An inclusive toolbox for accelerating and
smartening deep renovation

InCUBE envisions to unlock the EU renovation wave through
cutting-edge standardised and integrated processes
based on industrialisation, innovative renewable energy
technologies, digitalisation, and new market entrants.
INCUBE strives for social inclusion, upskilling, and

supporting women in the construction industry.

The InCUBE solutions will be demonstrated in 3 large-scale

demo sites: Zaragoza (ES), Trento (IT) and Groningen (NL).

and the European Commission is not responsible for any use that may be made of the information it contains.

This project is funded by the European Union’s 'Horizon Europe Research & Innovation programme' under grant agreement no. 101069610. This publication reflects the authors’ view only .
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ABOUT

INCUBE brings together 23 high-profile partners and two affiliated entities from 7 European countries.

7 EU Countries
0es
20wl

23 Partners

58% il fs

Industries & SMEs

Funded by  European Union

Programme Horizon Europe Research & Innovation programme
Start project July 2022

End project June 2026

Budget ~€10 million

EU Funding ~€8 million

* * and the European Commission is not responsible for any use that may be made of the information it contains.
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THE PROBLEM AND THE NEED

Low rates of productivity & user satisfaction
in the construction sector

Market up-take of new, sustainable materials
Industrialisation of deep renovation

Upskilling workforce under
a gender mainstreaming approach

Poor or no integration of solutions

Limited information of building whole life cycle

Highly complex, fragmented and project-based
process

Improved integration of solutions
and digitalisation of products and processes

More attractive and affordable solutions

Integration of building related information

Buildings and their users as active nodes of
the energy system

Bring together different actors of the construction sector
Workflow optimisation

This project is funded by the European Union’s 'Horizon Europe Research & Innovation programme' under grant agreement no. 101069610. This publication reflects the authors’ view only
and the European Commission is not responsible for any use that may be made of the information it contains.
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KEY EXPECTED OUTCOMES

35%+ 30%+ 50% +

Reduction of waste streams and time Reduction in renovation costs Reduction in working time with hazardous
needed on-site activities

20%+ 940 tCO, eq/yr 62%+ 2000+ users

Energy performance gap between Greenhouse gas reductions Energy savings per year In two Renewalglfe Energy
as-built and as-designed. Communities

and the European Commission is not responsible for any use that may be made of the information it contains.

This project is funded by the European Union’s 'Horizon Europe Research & Innovation programme' under grant agreement no. 101069610. This publication reflects the authors’ view only ‘
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EXPECTED OUTCOMES

More energy efficient building stocks supported by an accurate understanding of
buildings performance in Europe and of related evolutions

Building stocks that effectively combine energy efficiency, renewable energy
sources and digital and smart technologies to support the transformation of the
energy system towards climate neutrality

Higher buildings’ performance with lower environmental impacts through
increased rates of holistic renovations

® 60 6

Creating a superior yet cost-effective constructed environment that safeguards
the climate, ecology, and cultural heritage, while also enhancing living conditions.

3

This project is funded by the European Union’s 'Horizon Europe Research & Innovation programme' under grant agreement no. 101069610. This publication reflects the authors’ view only

*
* * and the European Commission is not responsible for any use that may be made of the information it contains.
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INNOVATIONS

InCUBE envisions to unlock the EU renovation wave through cutting-edge standardised and lean
integrated processes based on 4 key pillars of innovation.

(+) NEW TECHNOLOGIES
AND MATERIALS

%o INDUSTRIALISATION

‘é DIGITALISATION :_) I ENE¥VR1\\’:\/I*TRSKET

and the European Commission is not responsible for any use that may be made of the information it contains.

This project is funded by the European Union’s 'Horizon Europe Research & Innovation programme' under grant agreement no. 101069610. This publication reflects the authors’ view only .
8

21-10-2024



Machine-Human C

This project is funded by the European Union'’s ‘Horizon Europe Res
s and the European Commission is not responsible for any use that m
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BIM-CONNECTED DEMOLITION ROBOT

ARERobot ARE 1.0

Innovative aspects
 BIM-connection

Challenges
* Weight and size of the robot

Outcomes
* No increased speed of demolition works
* Increased health and safety of construction site workers
» Physical effort still required for disposal of waste
» Parts of the floor still cleared for safety purposes

Looking ahead
* Optimal deployment when operating in open areas
* Increase data and LoD of BIM model

This project is funded by the European Union’s 'Horizon Europe Research & Innovation programme' under grant agreement no. 101069610. This publication reflects the authors’ view only

and the European Commission is not responsible for any use that may be made of the information it contains.
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BIM-CONNECTED DRILLING ROBOT

Hilti Jaibot

* Innovative aspects
* BIM-connection

» Challenges
*  Weight and size of the robot
» Existing cables, pipelines and anchors still in place

* OQutcomes
* Increased execution speed
* Increased health and safety of construction site workers

* Looking ahead

* Optimal deployment when operating in large open areas

This project is funded by the European Union'’s ‘Horizon Europe Research & Innovation programme' under grant agreement no. 101069610. This publication reflects the authors’ view only

and the European Commission is not responsible for any use that may be made of the information it contains.
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SCAN-TO BIM

Laser 3D scanning and UAV-based aerial georeferenced photogrammetry

Innovative aspects

« Combination of technologies
« 3D laser scanning, UAV-based photogrammetry and topographical survey

Challenges
* Weather conditions
* Flying in controlled airspaces

Outcomes
» Deeper examination of building, pathologolies and geometry
* Indicating deviations in building

Looking ahead

» Potentially higher resolution

This project is funded by the European Union'’s ‘Horizon Europe Research & Innovation programme' under grant agreement no. 101069610. This publication reflects the authors’ view only

and the European Commission is not responsible for any use that may be made of the information it contains.
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RESILIENCE DASHBOARD

* Innovative aspects

* Monitor complex worksite operations
*  Worker safety
*  Environmental monitoring
«  Site logistics
*  Waste management
« Digital twin to track construction advancements

Resilience
o~ Dashboard

*  Outcomes
- =8 Vehicles and equipment
* Optimization of construction site logistics =1 mangement :

Drone
Environmental
Monitoring System

Monitoring*

a”
' Anti-collision ( O,
system (ACS) |

SIS TL TIIIIS, TS,
WISIILTIIISS. -~ "FIIIII
SIS IL TSI, TIIIIS

System P o
= PPE Monitoring
£ '

/’3 " ,
™ t @ e=t i j
anagement *Used in other projects

This project is funded by the European Union’s 'Horizon Europe Research & Innovation programme' under grant agreement no. 101069610. This publication reflects the authors’ view only

and the European Commission is not responsible for any use that may be made of the information it contains.
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DIGITAL CONSTRUCTION SITE

Anchors

WeTAG and Smart
WORKERS Helmet
MANAGEMENT

Collision
Prevention System

Waste track
management

ENVIRONMENT Environmental
& WASTE Probe

MANAGEMENT .
Acoustic Probe

R|§H= Digital Construction Site — Resilience Dashboard 0P InCUBE

Waste Tracking and Management

(TRENTO)

Signals gathering from/to
sensors and communication

Worker's safety to get triggers —
and alarms thanks to
positioning the worker in the ;
site

Send alarms in the proximity of ==

vehicles

Optimize waste management
IN/OUT the site

Get measures on temperature, %tli

wind, humidity, etc.

Get information on noises and
acoustic emissions during
works

Non-Selective Demolition
demol

\ CORPO 4

47
'ORPO 1

|
|
‘ I | r;cm o0 ’
l
|
|

This project is funded by the European Union’s 'Horizon Europe Research & Innovation programme' under grant agreement no. 101069610. This publication reflects the authors’ view only

and the European Commission is not responsible for any use that may be made of the information it contains.
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Streamlining Innov

This project is funded by the European Union'’s ‘Horizon Europe Res
s and the European Commission is not responsible for any use that m
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« Challenges

BIM-BASED DESING OF PREFAB FACADE ELEMENTS

Innovative aspects
Expanding available space
Integrated PV panels

Fire testing to conform with fire class B

Expected outcomes e
Reduction of working time with hazardous activities
Reduction of assembly time on site



REHVA

Federation of
European Heating,
Ventilation and
Air Conditioning
Associations

A" CERTH Z
\@E@;} EEEEEECFEETEEHNDLSEY ls EB — hentyou

N i HELLAS
A INTELLIGENT SOLUTICNS FOR ZERO-ENZRGY BLILDINGS
|
:

FONDAZIONE
COMUNE DI TRENTO BRUNO KESSLER

~
=ATEGOLA N I v g Zaragoza
@Il CANADESE | ' P plenitude + “evolvere w?rQSpr;ggl VIVIENDA

me - -

4L circe tro abora NXOVER @edp

Creating together 7 e [E ST R £ SIGLO XXI

'1.-._ VAN WIJNEN leﬁer ity E E n

Drivers of Change

This project is funded by the European Union’s 'Horizon Europe Research & Innovation programme' under grant agreement no. 101069610. This publication reflects the authors’ view only

and the European Commission is not responsible for any use that may be made of the information it contains.
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Mission

Reincarnate aims to revolutionise the construction industry by developing the
technical and social means to establish a reincarnation practice within the
building sector

O Maximize the cumulative virtues of a building, a
building product, or a building material during its
{5

Q Establish a transparent track record of these
virtues

QO Use this track record — and the high degree of
reliability and trust that comes with it — to ensure

SUSTAINABLE r
BLACES 2024 J REINCARNATE



Partners

16

organizations countries months

Systems Engineering and Material Science Real Estate | Architecture | Construction | Computer Visions and Robotics | Internet
| Construction Materials Engineering of Things and BIM

w P -
“«"iﬂs 2 BAM l Hemex _If_‘u Delft 3 L' m @ || eamamexLass DEMO " EmN
| |

Social Science, Innovation Management
and Standardization ‘ Waste Management

E \ Oplanb | Mostostar [ PLEC
University
STANDRHDS O Rotterdam L ntsj%sms
2afuns | L v atsloppet
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Challanges

£ 77

.2

Current CDW accounts for
approximately 25-30% of all
waste, which consists of
numerous Mmaterials that often
cannot be separated
meaningfully.

The embodied energy and
embodied eq. CO2 emissions in
the CDW are significant (8.5 MT
eq. CO2 for construction in
Sweden in 2015).

The average lifespan of buildings
is only 39.1 years. According to 3L,
one of our team members,it is
even shorter in the EU (in
Germany, an estimated 25-30
years).

The main reason for demolishing
buildings is that they
are functionally obsolete.

It is not possible to reuse entire
buildings, building products, or
building materials of high
product quality within a different
setting or for a different purpose.

The building sector hardly uses
any secondary materials.

SUSTAINABLE
PLACES 2024
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Approach

At Reincarnate, we will advance circular economy practices in the building
sector, feeding a closed cycle of extended use, reuse, and recycling.

How? Through innovations that will significantly reduce its emissions

footprint and enable life cycle extension, reuse and recycling of
construction products and materials.

The CP-IM will provide a digital representation of building materials and
products with information on their life cycle. It will also allow assessing

their potential for life extension and reuse, as well as predicting circular
value streams.

CP-IM platform

From solutions for building inspection to construction and dismantling
planning, and identification and classification of CDW — these innovations
will draw upon emerging digital technologies, such as digital twin
representation, artificial intelligence, and robotic automation.

10 innovations

All innovations will be demonstrated on eleven selected real-world

|1 el it | projects and value chains (demonstrators).

SUSTAINABLE r
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Reincarnate Framework

Building Interfaces to On-site waste

inspection existing assessment /
and valuation databases separation

BIM for
Circular
Value Flow
Planning

CP-IM Decision Support System

HOLISTIC AND REPLICABLE CIRCULAR SOLUTIONS

Increase of reusability by 50% Increase utilization of CDW by 80%

SUSTAINABLE ﬁ =1
BLACES 2024 Q NCARNATE

The CP-IM will allow to
store and capture all
required data to
understand the potential
to extend the lifetime of
a building, its building
components, and
materials, and to find
optimal reuse
possibilities for each of its
elements. It will also
enable to trace
construction products
and materials across
different buildings, waste
management steps, and
construction sites.
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CPIM Platform

REAL ESTATE MANAGEMENT PLATFORM
RE - SUITE

DIGITAL TWIN PLATFORM
=

Data

CP-IM

1L e Platform Metrics, Logging & Event
& \'/ Administration Ul e g e ‘
DATA toee loT PLATFORM Data

ACQUISITION| | COMPUTING
: Storage Digital Twin Service

TRANSITION . Data EE

FILTERING . _.@
m “n.

(‘}.f. H @ . GassandraDB

=
a Gonnectivity pevice Timescal Circular Potential

Prediction Module

; LBl et . . MongoDB Mutual TLS
vy ANAG Authentication
B ‘ InfluxDE with
Y X500
q . @4 MAINFLUX © Message Routing A“““’“m““ & User PostgreSQL Certificates @

Data LoRa

B 1 Reader Writer Data
& L} MarT HTTP ConP ws Chirpstack
{Q ’ s Adapter
S SENSORS
' MONITORING Reverse Proxy
DEVICES

Data
Data

CIRCULAR VALUE FLOW

PLANNING MODULE
U %
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Robotic Disassembly

1. Developing an approach for aluminum frame
windows disassembly

f ? L] ?
From 2D Section Drawing to 3D Model RoboDK v

< e Through 3D model and Assembly-by- x All component converted Converting Graph to 5 -
m3D Modeling in Rhinoceros — . DIS-RE-assembly Planning Graph - 3D Models Imported to RoboDK — . DIS-RE-assembly Simulation Prepared
¢ Disassembly Approach from .IGS to .STL data format Sequence Planning

r
()

Horizontal Glazing Bead-Outer Frame

v,

e
\\»
mbly Table ii Dis-assembly Table

2. Testing our approach in the simulation
environment

TABLE 1

TABLE 2

SUSTAINABLE ﬁ RE
BrACES 2024 Q INCARNATE



Robotic Disassembly
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NDT Application

Non-Destructive Testing + loT

SUSTAINABLE ” REINCARNATE
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Risk Assessment Decision
Tool

Yo

‘. A

-’-

Séfety M;a;gin ?
Lciy [ Summer SpringlFall wter
i gD | O 08
'W« Jl LT

Prior}ty? Budget? Safety Margin? Safety Margm” Safety Margin?
Low High Low High Low High Low High Low High
. | l l l l l l OK
Repair Replace OK [ncrease Repair Replace . . Budget?
Maintenance : " Low High
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Product Upgrade Solutions
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Higher Level Decision-
making Framework For
Adaptive Reuse

Building A

Building B

Building C

SUSTAINABLE
PLACES 2024

Reward  Solution

3.5

Condition Utility
1.1 4

1.5 15 3.8

3.8 0.8 4.0 Adaptive reuse

Renovation

Utility

"Task3.2and 3.3 product, S ¥ 1
component and material
reuse / recycling

3.3 Recycled high
performance materials

T3.2 Component and

| product reuse

7 Room for further \
I development: |
| deconstruction !
\__ scenarios __

’ REINCARNATE

Task 2.2 Building life-time
extension

Renovation
scenario C

Renovation
scenario D

Renovation
scenario B

Renovation
scenario E

Multi-criteria
decision making
model

Task 3.1 Building
adaptive reuse

AR Scenario
A AR Scenario

8
Repair Retain
Multi-criteria
decision making S

model \

AR Scenario
E

X

AR Scenario
C

AR Scenario
D

Retrofit Refresh

Deconstruct /
di

1
2 5
Condition Adapted from the lconCUR model by Langston and Smith (2012): Langston, C., & Smith,
J. (2012). Modelling property management decisions using ‘iconCUR.” Automation in
Construction, 22, 406-413. https://doi.org/10.1016/j.autcon.2011.10.001



Impact

Increase by 50% the reusability
of construction products post
demolition

REINCARNATE will release
Minimum Viable Products (MVP)
of the CP-IM and the
REINCARNATE innovations

by the end of the project
reaching TRL6

Valuation methods for recycled
materials and upgrade methods
for construction products

SUSTAINABLE
PLACES 2024

Automated Methods for
assessing and separating CDW
on site

REINCARNATE will suggest
standards for fostering
transparent and reliable practice
across Europe

The project will achieve a
Societal Readiness Level (SRL)
score of SRL 6

Solutions for waste avoidance

¢ NCARNATE

Methods for dismantling
construction products for
reuse in high product quality

Social science supported
insights in how to improve
adoption behavior for
recycled materials

Solutions for information
modelling and management

Solutions for waste
management



Thank you
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This project has received funding from the European Union’'s Horizon Europe
research and innovation programme under grant agreement N° 101056773.


http://reincarnate-project.eu/
https://www.linkedin.com/company/reincarnate-eu/
https://twitter.com/REINCARNATEEU
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PROJECT OVERVIEW

Dr. Dimitrios Giakoumis
Project Coordinator, CERTH/ITI
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Shotcrete

Common concrete spraying
applications casting

Reasons

for Resource
Automation conservation

Manual

Tunnel Underground quality

. . . control
construction mining

Skill- Health risk
dependency awareness

Surface
rehabilitation

21/10/2024 2
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D
MAIN GOAL M NCEPSHINABLE (9 RoBeARME

i

Human-Robot

Collaborative
Construction System

for
Shotcrete
Digitization &
Automation Advanced 5 .

through Perception Cognition Manufacturing

operatingin
diverse
construction
environments

21/10/2024 3
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12 European
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ROBETARME VISION  {[[()SUSTAINABLE (9 ROBeARME

Shotcrete
& Finishing

RobétArmeé (SFR)

to address autonomous
shotcrete application &

|05P9C_ti°“ surface finishing during
Reconnaissance the construction &
develops (IRR) finishing phase

to address

C0||aborat|ve modelling of the
construction construction environment

& rebar reinforcement

mobile manipulators through metal additive
manufacturing in the
preparatory phase

21/10/2024 5
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OBIJECTIVES

DEVELOP

Cognitive

Robot
Platform

to address complete
shotcrete application
for autonomous
construction,
maintenance &

Advanced
Infrastructure

Perception
System

~

to achieve
high-precision &
real-time through
Al- enabled
technologies
& multimodal sensor
fusion

infrastructure
K monitoring
21/10/2024

\_ J

e

Human-Robot
Collaboration
Control
Schemes

4 )

to achieve dexterous
execution of
construction &
maintenance tasks

- J

SUSTAINABLE
PLACES 2024

Advanced

Modeling Tools

to facilitate fast &
greener
implementation of
automated
construction
activities
tailored to BIM

F\'DBetFll—_x'ME

Cognitive
Digital Twin &
Simulation

Environments

to facilitate
construction
monitoring,
diagnostics, &
orchestration
activities




CONCEPT OVERVIEW SUSTAINABLE

PLACES 2024 ~0BetARME

Current Status

/4
Pre-bagged Manual measurement /
Shotcrete Material / Nozzlemen

Manual placement
Shafceste GUn of metal reinforcement

Manual surface
finishing

Air compressor

i R Inspection &
RobétArmé Vision Preparatory Phase

Construction

Surface Finishing

Repair Phase Phase
b i ) P g
g gital Twin e .
Pre-bagged Digital / = \
Shotcrete Material Scanning

Metal \ .1 \ /
Shotcrete Gun reinforcement .—l\ “ /

with additive ) s

manufacturing Sensors

Shotcrete
L Robot

Air compressor

Water Supply IRR Robot

SFR Robot

SFR Robot

21/10/2024



USE CASES

Construction
of Ground
Support Walls

21/10/2024

SUSTAINABLE

PLACES 2024 » ROBetARME

Repair of Construction
Post-tensioned of Tunnels or
Boxes Culverts

Repair of
Piles & Beams




PROJECT CURRENT
STATUS HIGHLIGHTS

Digitalization
Tools for
Construction

Site
Understanding &
Modelling

CIM/BIM Implementation for shotcrete activities
Simulation Tool for construction processes

loT sensor integration with RoBétArmé Digital
Twin Application

RoBétArmé DT Platform advancement for
shotcreting simulation

DSS development based on user feedback

AR tool development

NGENIEROS

& DIGITAL TWIN
TECHN ASESORES

21/10/2024 € NOLOG}Y

&

Robot/ Process DT

A CERTH
i CENTRE FOI

SUSTAINABLE
PLACES 2024

RobetArme Digital Twin

Sholcrote Visualization

!wv:’i ESEARCH & TECHNOLOG
HELLAS

DiaiSvs 4.0

Reconstructed Geometry IRR Robot

bttt
§T38¢82364:°73

Christiansen 9
& Essenbask



PROJECT CURRENT SUSTAINABLE
STATUS HIGHLIGHTS PLACES2024

Switching to
shared control :

~0BetARME

Collaborative
Robotic Skills for
Autonomous
Construction &
Maintenance

Perception &

Cognition for

Construction
Activities

* SoA Analysis of Methods for
Vision Systems, including 3D
Reconstruction, Semantic
Segmentation & Volumetric
Modeling

* Experiments in testbeds

* Implementation of basic
library of motions learned
from the nozzlemen'’s skills

* Real-Time Monitoring in
Turbid Environments O Evaluation of various
approaches for shotcreting &

* Construction Site surface finishing task planning

Orchestration & Task & control
Planning
2, CERTH DTU D P
21/10/2024 Ry G = m =PrL SDU=%~ 10




() PROJECT CURRENT CUSTAINABLE

STATUS HIGHLIGHTS PLACES2024 ROBeERME

Robotic arm CEAS Testbed
Robot Hardware
for Additive
Manufacturing
in Construction
Sites

Integration,
Pilots

Deployment
& Human-
Centered
Evaluation

* Design of two platforms:
SFR & IRR & trailer for
Metal Additive
Manufacturing

* Construction of
Testbeds: Initial

Recording at CEAS
* SFR Manipulator 1¢t

Prototype * Planning to construct a
Large Permanent
Structure to
incorporate four Use

Case Scenarios

* Metal Manipulator Design
& Nozzle Extrusion Control

* Shotcrete Mix-Design
Methodology

= =~ ==
O 21/10/2024 - COBOD The 3D Printer Experts

L||‘
il

11
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THANK YOU FOR YOUR
ATTENTION

ANY QUESTIONS ?

A X

A& cERTH 01U P ; — DIGITAL TWIN

) B = W SDU-§ <. COBOD °*:Robotnik Z TITAN ¢

NGENIEROS  Digicys 4,7 EBUNI 5 = ARUP  cniotionsen EPFL
ASESORES el il - s T4 Christiansen &=

- This project has received funding from the European Union’s Horizon 2020 research and innovation programme under Grant Agreement No. 101058731



